‘ /""..A St
1 /’
4.

E (, c;?«.’ / v

SRS

) TR
- . =

o5l SECURITY INFORMATION

, 2 " =4
eemem—E 0 v
) , T, g RM SL53A05

for the

U. S. Air Force

STABILITY AND CONTROL CHARACTERISTICS AT LOW SFPEED OF A
1/10~-SCALE MODEL OF MX-1554A DESIGN
By Vernard E. Lockwood and Martin Solomon

Langley. Aeronautical Laboratory
Langley Field, Va.

78
/5 £ 7
A I
r/é-/ }/TZG"_.)Z -/~ &< &L CLASSIFIED DOCUMENT ‘
This material contains information affecting the National Defense of the United States within the meaning

of the espionage laws, Title 18, U.S.C., Secs. 793 and 794, the transmission or revelation of which in any
manner to an unauthorized person is prohibited by law.

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON - .




i
!
i
i

IIHIINHINIWIHNIHIIHIHI\lIHHIHH\INHVIIUHHI

NACA RM SL53A05 1176 01438 5869 T

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

-

for the

RESEARCH MEMORANDUM | %
U. S. Aif‘Fﬁfce :

1/10-SCATE MODEL OF MX-1554A° DESIGN 3 z

‘éi

By Vernard E. Lockwood and Martin Solomon

Z?*-'?fl

X
SUMMARY & \,&\&
L2 Y b\\l

An investigation was made of the low-speed stability and control
characteristics of a 1/10-scale model of the proposed MX-1554A design.
This design employs a triangular wing and triangular stabilizing surfaces.

The present paper contains the results of a stability and control
f investigation of a model configuration thought to be representative of

the final airplane configuration. The paper also contains the results
of a series of tests to determine:

1. The effects of wing incidence on stability characteristics.

2. The effects of slotted flap on stability and control
characteristics.

3. The effects of wing and tail height on longitudinal stability
and control.

4. The effects of external tanks and speed brakes on the aerodynamic
characteristics.

5. The effects of ground board on the aerodynamic characteristics.

6. The effects of spoilers, tip ailerons, flaps, and differential
tail deflection on the lateral control characteristics.

7. The effects of an unswept wing on longitudinal and lateral
characteristics.
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INTRODUCTION

An investigation of the stability and control characteristics of a
l/lO-scale model of & preliminary design of MX-1554A has been conducted
in the Langley 300 MPH 7- by 10-foot tumnel. This design employs a delta
wing and tail configuration. The original purpose of this investigation
was to determine a horizontal-tail location which would provide satis-
factory longitudinal stability and to determine the lateral and direc-
tional stability characteristics. Certain deficiencies were indicated
which resulted in a more detailed investigation with considerable empha-
sis being placed on longitudinal and lateral control.

The present paper contains the results of a stability and control
investigation of a model configuration thought to be representative of
the final configuration with the exception of the aileron detail. 1In
addition, the paper contains the results of tests to determine the effects
on the aerodynamic characteristics of change in wing incidence, variation
of wing and tail height, wing plan form, slotted flaps, addition of speed
brakes and external tanks, deflection of spoilers, tip ailerons, differ-
entially operated flaps and tail surfaces, and the effect of the presence
of a ground board on the pertinent characteristics.

SYMBOLS

All data are referred to the stability axes as indicated in figure 1.
A point of 32.0 percent of the wing mean serodynamic chord was used as
center of moments for the delta configuration. This point corresponds
to 33.3 percent of the mean aerodynamic chord for the unswept-wing con-
figuration. The symbols used in this paper are defined as follows:

CL 1ift coefficient, Lift/qS

Cx longitudinal-force coefficient, X/gS
Cy lateral-force coefficient, Y/qS

) rolling-moment coefficient, L/qu

Cm pitching-moment coefficient, M/qSE
Cn yawing-moment coefficient, N/qu

X longitudinal force aléng X-axis, 1b

Y lateral force along Y-axis, 1b

-
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force along Z-axis (1ift equals -Z), 1b
rolling moment about X-axis, £t-1b

pitching moment about Y-axis, ft-1b

yawing moment about Z-axis, ft-1b

free-stream dynamic pressure, pV2/2, lb/sq 't
wing area, sq ft

wing mean aerodynamic chord, ft

wing span, ft

free-stream velocity, ft/sec

mass density of air, slugs/cu ft

angle of attack of fuselage reference line, deg

angle of incidence of wing or stabilizer with respect to
fuselage reference line, deg '

control-surface deflection in a plane perpendicular to hinge
line, deg (percent projection when used as a spoiler based
on wing mean serodynamic chord)

height of center of gravity above ground board at o = 0°, in.

height of the wing or tail above the fuselage reference line,
(positive when above), in.

angle of sideslip, deg

- lateral-stability parameters
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Subscripts:

a aileron

e elevator

f flap

r rudder

t  tail (horizontal)
w wing

L left

R right

s spoiler

APPARATUS AND METHODS

The model used in the present investigation was a l/lO—scale model
of the preliminary design of MX-1554A. The wing and stabilizing surfaces
have notched delta plan forms with a small amount of sweepback of the
trailing edges. The physical characteristics of this model are presented
in figure 2. The original model configuration (fig. 3) contained no con-
trol surfaces but these were added later in the program (fig. 4). The
model was equipped with angle blocks to provide for the desired wing-
incidence change with the center of rotation that is designated as the
wing rotation point in figure 2. Besides the original wing position (A),
the delta wing was also tested at two other heights on the fuselage
designated as B and C in figure 5. An unswept-wing model of approxi-
mately the same wing area was also tested, the characteristics of which
are given in figure 2(b). The unswept wing was tested at position A of
the delta configuration and tail 1 was used with the unswept wing.

Several horizontal-tail configurations were investigated, the mean
aerodynamic chords and locations of which are shown in figure 5. All
of these configurations had the same leading-edge and trailing-edge sweep.
The pertinent information regarding the various configurations designated
from 1 to 6 is given in the following table (the vertical location is
given with respect to the fuselage reference line):

U
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Tail Verticainl"catmn’ Span, in. Airfoil section
1 -3.80 21.19 NACA 65A003
2 -3.30 21.19 . NACA 65A003
%-inch plate with round
3 -1.65 21.19 leading edges and square
trailing edges
) 1.31 21.19 Do.
5 1.50 25.50 NACA 65A003
6 4.00 21.19 NACA 65A003

Tail numbers 3, 4, and 5 were pivoted sbout a point corresponding to
47 percent of the mean aerodynamic chord of the exposed panel. This
location of the pivot caused unporting of the surfaces which resulted
in large gaps between the fuselage and the section of the tail at the
tail-fuselage juncture at negative incidences with tail 2 and positive
incidences of tails 4 and 5.

Most of the investigation was made with the vertical tail in the
position indicated by the solid line in figure 2. For a few tests,
however, the tail was at the position indicated by the dashed line.

A double slotted flap was used in the investigation to increase
the 1ift at low angles of attack. The details of the flap and vane
configuration which gave the greatest increment in 1ift at low angles
of attack are shown in figure 6.

The details of the spoilers and tip ailerons which were used as
lateral-control devices are shown in figure 7. The spoilers were wedge~
shaped, were made of solid wood, and extended over the same span as that
of the flap. For one test, however, the spoiler span was extended to

about T1 percent of the semispan by the addition of a i%u-inch plate to
the surface of the wood spoiler as shown in figure 7.

A fence and a chord-extension were tested as ailr-flow control
devices for one model configuration that exhibited longitudinal insta-
bility. The geometry of these configurations is given in figure 8.

The model had no internal ducting leading from the air scoop. To
delay separation which would ordinarily occur from the sharp edges of
the scoop, modeling clay was used to refair the throat and edges as
shown in figure L.

SN
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The model was also tested with wing tanks, landing gear, and speed
brakes which were furnished by the manufacturer. These items are shown
in figures 2 and k.

A ground board was constructed for use with the model to simulate
the airplane in the presence of the ground. The board was made of two
pieces of l-inch plywood 12 feet long and when put together completely
spanned the tunnel as shown in figure 4. The relative position of the
model and board which was adjustable in height is shown in figure 2(b).

Unless otherwise stated in the legends of the figures, the following
description applies to the model configuration:

Iy = 0°; Bgy = 0% iy = 0°; Bp = 09; Be = O°
Rearmost vertical-tail location

External tanks off

Speed brakes off

Landing gear off and doors closed
TESTS

The tests were conducted in the Langley 300 MPH 7- by 10-foot
tunnel at the approximate conditions given in the following table:

Model szziﬁiz Mach Reynolds
2
configuration lb/sq £t number number
Original (no controls) 101.5 0.266 2,590,000
With controls; & = 0° 49.0 .183 1,840,000
With controls; df = 57° 25.0 .131 1,400,000
With ground board; 8¢ = 57° 27.0 .136 1,390,000

The Reynolds number is based on a wing mean aerodynamic chord of
17.93 inches.



B

NACA RM SL53A05 A 7

CORRECTIONS

The angle of attack and drag have been corrected for jet-boundary
effects computed on the basis of unswept wings by the method of refer-
ence 1. The correction to pitching moment due to tumnel induced upwash
at the tail was found to be negligible.

Tare corrections from the single support strut were not applied to
the data. Tt is thought that these corrections would be small increments
in pitching moment and drag only.

Corrections have been applied to the data resulting from verti-
cal buoyancy on the support strut, tunnel air-flow misalinement, and
longitudinal-pressure gradient in the tunnel.

PRESENTATION OF RESULTS

The results of the investigation of the MX-1554A are presented in
the following manner:

(a) The results of tests of the model as originally received from
the contractor are presented in figures 9 to 18. The effect of wing
incidence and tail position on the longitudinal stability characteristics
are presented in figures 9 and 10 and the effect of sealing the gap at
the wing-fuselage Juncture 1s presented in figure 11. The results of
tests to determine the effect of wing incidence and model configuration,
including model break-down tests, on the lateral stability characteristics
of the original model configuration are presented in figures 12 to 18.

(b) In an effort to obtain a more satisfactory configuration,
numerous modifications were made to the model, the results of which are
presented in figures 19 to 40. The effect of wing incidence, fences,
and chord extensions, with flaps deflected, on the longitudinal character-
istics are presented in figures 19, 20, and 21, respectively. The longi-
tudinal characteristics with an unswept wing are shown in figure 22. The
results of tests to determine the effect of tail height, tail area, and
wing position with and without flaps deflected on the longitudinal sta-
bility characteristics are presented in figures 23 to 29. The longi-
tudinal control effectiveness of the elevator is shown in figure 30.

The results of tests to determine the effect of wing incidence and
vertical-tail location on the lateral stability characteristics are
given in figure 31. The lateral stability characteristics with the
unswept wing are shown in figure 32. The lateral control characteristics
utilizing the original tip ailerons are shown in figures 33 and 34. The
lateral control effectiveness of several spoiler arrangements is given
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in figures 35 and 36. The effectiveness obtained by deflecting the flaps
differentially as lateral-control devices is shown in figures 37 and 38.
The results of tests utilizing both the large and small horizontal tails.
operated differentially to provide lateral control are presented in
figures 39 and 4O0.

(c) From the results of tests presented in paragraph (b), the con-
tractor revised the model and a more complete investigation was made, the
results of which are presented in figures 41 to 48. The effect of several
model components on the longitudinal stability characteristics are shown
in figures 41 and 42. The longitudinal control characteristics as affected
by tanks and brakes are presented in figure 43 for the flap-neutral con-
figuration and in figure Ui for the flap-deflected condition; the data
of figure 45 show the effect of proximity to the ground for the case
with flaps deflected. The lateral stability characteristics as affected
by flap deflection, tanks, and brakes are presented in figures 46 and 47T.
The effectiveness of the rudder is shown in figure 48.

Trim 1ift characteristics obtained from figures 41 to 45 are pre-
sented in figure 49. An estimation of the effect of a 6-percent mean-
aerodynamic-chord rearward shift in center-of-gravity location on the
trim characteristics is given in figure 50.

The effective downwash angles for several model configurations are
presented in figure 51. The effect of proximity of the ground on the
downwash characteristic is shown in figure 52. Some of the downwash
curves may be subjJect to considerable error, particularly in the cases
with the flap deflected, where large extrapolations of tail effective-
ness were necessary between the tail-off and tail-on tests.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Va.

Vernard E. Lockwood
Aeronautical Research Scientist

Martin Solomon
Aeronautical Research Scientist

—"/47 Thoma

Chiggﬂz;'Stablllty Research Division
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Figure 1.- System of axes and control-surface deflections. Positive
directions of forces, moments, and angles are indicated by arrows.
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Physical Characteristics

Wing:
Aspect ratio
Span
Area
Root chord
Mean aerodynamic chord
Airfoil section(parallel fo airstream)
Sweepback
Leading edge
Trailing edge
Incidence (variable)

Horizontal fail:
Aspect ratio
Area (fotal)
Airfoil section

Vertical tail:
Aspect ratio (exposed)
Area (exposed)
Airfoil section

32
42.976in.

40/ sqrt
26.900in.
17933in

NACA 654003

55°
10°
o814°

34
908sqft
NACAE654003

16
874 sgft
NACA 654003

5.0

2488

42976

360
/\12.40
e MAL 785 | P70 < 21186
. ] " 600
_ - L _ ! . ! 1 f
o 10593
/ sso00 |\ [3790| L69 15°
—126.900
6"/\ 1600 _
" g 10° — I'2837
29.100 '
Center of gravity 12330+
95072 ~
3.00
Forward vertical-tail pos///'anz/’ ‘
1
45800 6Tt 19686-2= /7 6720
-~
g 25" 154
T~
— - i/qf e
0351 g°

87600

(a) Delta-wing configuration (clean).

Figure 2.- Three-view drawings of the model configurations tested. All
dimensions are in inches unless otherwise noted.
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(b) Delta-wing configuration (stores, speed brakes, and landing gear).

Figure 2.- Continued.



Bhysi . .
hysical Characteristics of Unswept Wing 25 MAC. for both wings
Aspect ratio 30 / —
Span 432in 4 .
Area(fotal) 425sqft - Fosition of delta wing
Mean aerodynamic chord 1505in - /
Thickness 045¢ - / 2/
C MAC_\ |
/’ 1505 \1
- /
/ [ 1 2
— — <  ———— ———
~
N
~ \
NG \
AN \
045¢~ 9° S
= ¥ - N M '
L asc l J
92 80 ~RAR
¢
203

Typical airfoil section parallel to air stream -

(c) Unswept-wing configuration (clean).

Figure 2.~ Concluded.
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Figure 3.- View of original model mounted in tunnel.
1, = 09 tail 1.

Wing position A;
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Figure 4.- Views of the model in the landing configuration in the presence
of the ground board. Wing position B; i, = 0°; tail 2; tanks on; brakes
deflected 50°; &p = 57°.
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Figure k.- Concluded.
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Station 40 45 &0 55 60 6% 70 75 g0 J

Note:. Unswept wing was fested at position A;
tail I was used with this unswept wing.

Figure 5.- Schematic drawing showing locations of the various wing and
tail positions.
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c=1793 inches

01888 — |
00406 0034¢ gap
| ~oizsc

— - - — KN Aoe ~~0/35¢

i 58°
0041z - 00222 gap

Figure 6.- The optimum flap configuration tested.
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Location of spoiler on flap

- — —¢ of model — -
b //7792 T

\ \ A 558%

Fuselage line —

Sporler b
%{ Flap| ~ 70%7%
Sooierenomsn <\
Brass spoiler poiler extension
extension ,o/cms’—> Aileron &=17933"
s 0576¢
T | _o364c
- / -
] _ 2o0l¢
L— 10¢ - Loreé
Section A-A S
(not to scale)

Dertail of spoiler on flap

Figure 7.~ The details of the spoiller configurations tested.
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Flow fence projection - 7205¢ —

| constant at O558¢
é | (05586
[ wing—— ="

| Section A-A A

| T

| _

| 558 b/g alternate position
| 218%

—a N

fuselage line

pd !
// II
- - ¢ of mode/ —-
. wing
chord-extension
N L
Section A-A
(not to scale) ¥
303%
) L A -
y /
675% I
557 %
1 P ¢ of mode/ — -~
J15¢ 1198 _Wﬂ!

Figure 8.- The auxiliary flow control devices tested.
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Figure 9.- The aerodynamic characteristics in pitch of the fuselage and wing-
fuselage configurations. Wing position Ay 1, = 00; q = 101.5 lb/sq ft.
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aerodynamic characteristics in pitch. Wing position A; i, = lho;

tail 1; g = 101.5 1b/sq ft.
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Figure 13.- Effect of model configuration on the variation of the lateral-
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